Background The burden of maternal undernutrition and low birth weight (LBW) incurs enormous economic costs due to their adverse consequences. Women's empowerment is believed to be one of the key factors for attaining maternal and child health and nutritional goals. Our objective was to investigate the association of women's empowerment with maternal undernutrition and LBW. Methods We used nationally representative data from the Bangladesh Demographic Health Survey for 2011 and 2014.
economic costs, higher medical expenditures, special education and social service expenses and decreased productivity in adulthood.
Maternal undernutrition is caused by multiple factors in developing countries. Women from the developing countries lag behind men in having access to food, health care and education [13] . A study from Bangladesh reported that women's education, exposure to media, and domestic decision-making status significantly influenced the nutritional status of women [14] . Another study reported similar results: female literacy, poverty and lack of empowerment were the major barriers to improving maternal nutrition in South Asia [5] .
Other variables that also increase the likelihood of maternal undernutrition, include various biologic and social stresses such as, food insecurity and inadequate diet, recurrent infections, poor health care, heavy work burdens, and gender inequities [14, 15] .
Women's empowerment, which is believed to be one of the key factors for attaining maternal and child health and nutritional goals [16] , can influence all the factors associated with maternal nutritional status to some extent. The pathway of how the empowerment of women affects maternal nutritional status and birth weight is described in Figure 1 . Empowered women have the ability to control decision-making in different aspects of life which include socio-cultural, familial and interpersonal and legal dimensions [17, 18] . They can independently make decisions about their own health as well as their children's health. As a result, women's empowerment can ensure better maternal care, improved maternal nutrition, and provide freedom in choosing healthy family planning methods. Empowered women have control over finances. Thus, they can change the composition of household purchases, which improves household food security as well as the diet diversity and nutritional status of both themselves and their children [19] [20] [21] [22] . They can also allocate more money for the education and health of their family [23] . Empowered women have higher mobility, which increases their freedom to visit food markets and attend health center appointments for both herself and for her children and visit friends or relatives. As a result, they acquire resources such as information and support [24] which help to improve maternal and child health care. Finally, empowerment of women has been reported to lessen the risk of domestic violence [25] which contributes to improving maternal mental health [26] and lowering maternal nutritional deprivation [3] . Studies from LMICs report that women's empowerment has a significant influence on child nutrition, [27-29] infant and young child feeding, [24, 28] reproductive health, [17, 30] health seeking behavior [23] and maternal health service utilization [31] . Therefore, the impact of maternal undernutrition on the health of children throughout their life is considered irreversible [32, 33] . While many studies have been conducted in LMICs to investigate the association between women's empowerment and various health outcomes, the indicators used to define empowerment remain elusive. There are many different indicators, used to define women's empowerment, available in the literature [18, 19, 24, 34, 35] which entail that empowerment is a dynamic process of change by which "those who have been denied the ability to make choices acquire such an ability" [34] . However, a comprehensive measure of women's empowerment is lacking. Due to its latent phenomena, different studies used different indicators to measure women's empowerment [36] . A recent study suggested some indicators to construct a survey-based women's empowerment index (SWPER) in Africa [37] to measure progress towards the Sustainable Development Goal 5: achieving gender equality and empower all women and girls [38] . However, there is no scientific consensus on which indicators should be used or how to weigh them to construct a women's empowerment index. Studies conducted to date using Demographic Health Surveys (DHS) to measure women's empowerment have generally used two types of indicators: household decision-making and attitudes to wife beating [24, 39] . However, there are other potentially important indicators in the DHS data set that could be used, as proposed in other studies [36] such as participation in a microcredit programme (membership of Non-Government Organization, NGO) and education. To our knowledge a very few studies investigating women's empowerment have taken into account the covariation among the indicator variables when constructing a women's empowerment index [23, 24, 31, 36, 39] . Furthermore, the few studies examining the association between women's empowerment and maternal and child undernutrition are not consistent [27] . For example, a study from Benin [40] and other one from Nepal [41] suggested that women's empowerment is significantly associated with maternal nutritional status, however, another study from Ghana [42] found no association. Similarly, Begum and Sen (2009) [43] found no association between women's empowerment and child's nutrition in Bangladesh, but another study from India [44] reported a significant association. Another study reported that there is a direct link between women's empowerment and premature delivery, [45] which is one of the key factors affecting birth weight. However, there is an inadequate number of studies to investigate the association between women's empowerment and birth weight. Therefore, we aimed to develop a comprehensive indicator for empowerment of women using principal component analysis (PCA) methods to account for the covariation among the indicator variables and assess the association of the index with maternal undernutrition and LBW using Bangladesh Demographic Health Survey (BDHS) data.
Methods

Data source
We used nationally representative data from the BDHSs conducted in 2011 and 2014 to maximize the sample size and to be able to construct a women's empowerment index (WEI) across the two time points. Both surveys were nationally representative cross-sectional surveys based on a two-stage stratified sample of households. The details of the survey design are described in detail elsewhere [4, 46] . In brief, the first stage sample is of 600 enumeration areas (EAs), 207 from urban and 393 from rural areas, selected with a probability proportion to size from a list of EAs across Bangladesh (generated by the Bangladesh Bureau of Statistics during the Population and Household Census in 2011). On average, each EA consists of about 120 households in both surveys which served as a sampling frame for the second stage sampling. In the second stage sampling, on average about 30 households were selected systematically with equal probability of selection from each selected EA. In order to prevent bias, no replacement and or changes to the preselected households were allowed. Data collection for the 2011 survey was conducted in five phases between July and December and for the 2014 survey four phases were conducted between June and November. The inclusion criteria for our study were women who were (i) currently married, (ii) currently living with their husband and (iii) currently sexually active (in the 4 weeks preceding the survey they either had sex at least once with their partner or did not have sex due to postpartum abstinence). We set these inclusion criteria as we presumed that the responses on the women's empowerment indicators, described in the following section, would have been different between women who hold and who did not hold these criteria. Therefore, with 18,000 households selected in each survey there were an expected 18,000 ever-married women available to include in our study.
Indicators used for women's empowerment index construction
The survey data were collected using structured questionnaires. Data collected included household characteristics, demographic characteristics of the household members, anthropometry of both the women and their children under 5 years of age, social characteristics and reproductive history of the women, treatment seeking behavior, husband's socio-demographic characteristics, woman's contribution to running the household and attitudes to violence, child's immunization status, and HIV AIDS diagnoses.
To construct the WEI we used most of the indicators proposed by Ewerling et al (2017) [37] and additional indicators used in other studies [23, 24, 27, 43] . We constructed the WEI as a composite of five groups of indicators : a) education, [27, 37] b) access to sociofamilial decision making (contraception use, woman's health care, children's health care, and relative's home visit), [23, 24, 37, 43] c) economic contribution and access to economic decision making (spending of their own earnings, ability to purchase large house items, and NGO membership), [23, 24, 37, 43] d) attitudes towards domestic violence (physical violence justified in the following situations: if the women goes outside without informing her husband, neglects her children, argues with husband, and refuses to have sex), [24, 37] and e) mobility (visits health center alone) [23, 24, 43] . All the indicator variables were categorized into ordinal variables. Education was classified into fourordered categories as no education (0), primary (1), secondary (2) and higher secondary or more (3). All of the indicator variables for decision making were categorized into three or four ordered categories (0=not eligible for making any decision, e.g. women who never used contraception were not asked about who made decisions about choosing contraception or women who were unemployed were not asked about who made decisions on spending their earnings; 1= husband or other, 2=jointly with husband and 3=women herself) and the variable for mobility (visit health center alone) was categorized into three ordered categories (0=never visited health center, 1=along with other and 2=alone).
Outcome variables
In this study, there were two outcome variables. The first was maternal undernutrition which was defined as body mass index (BMI)<18.5 [1] . BMI was calculated as weight, in kg, divided by squared height in meters. Weight of the women was measured in kilograms using Seca digital scale and height was measured in centimeters using a Shorr height board by the trained anthropometrist [47] . The other outcome variable was low birth weight (LBW) which was defined based on the mother's perception of the size of their lastborn baby within the last 3 years of interview as the actual birth weight is not available in the demographic health survey. Many studies have already established that mother's perception of birth size is a good proxy for birth weight in large nationally representative surveys [48, 49] . Women's perception was categorized into five groups: very large, larger than average, average, smaller than average and very small. For the purposes of the analysis, we defined LBW as a binomial variable -LBW=1 if birth size was smaller than average or very small and LBW=0 otherwise.
Potential confounders
Women and their husband's educational qualifications were categorized as described above. Women's employment status was categorized as currently working at the time of interview and not working. The wealth index was provided as part of the demographic and health survey dataset, and was constructed using PCA as described elsewhere [50] . The wealth index was classified into quintiles. Presence of a sanitary toilet was defined as a household having a latrine with any type of flush or pit toilet latrine or ventilated improved pit latrine or pit latrine with slab.
Statistical analysis
For WEI construction, we applied PCA, which is a validated and widely accepted method for constructing indices [51] [52] [53] . PCA is a multivariate statistical method that transforms a number of (correlated) variables into a smaller number of uncorrelated variables called between low and normal birth weight babies, we used chi-squared test for categorical variables, t-test for normally distributed continuous variables and the Mann-Whitney U test for non-normal continuous variables. We estimated odds ratios (OR) as the measure of association between the WEI and the two outcome measures using generalized estimating equations (GEE) with a logit link and exchangeable correlation structure to account for the cluster (enumeration area) level correlation. We obtained 95% confidence intervals and p-values from the GEE model. Potential confounders which were associated with the outcome variables at p<0.20 in the univariate analysis were adjusted for by including them in a multivariable model. We set p<0.05 for statistical significance. We also examined the interaction of WEI with wealth quintile on maternal undernutrition and birth weight to see whether the impact of WEI on maternal nutrition and birth weight varied by wealth quintile. Data management and analyses were conducted with statistical software, R version 3.3.3.
Results
Of the 35,705 married women of reproductive age interviewed, 27,798 (78%) women met the inclusion criteria for WEI construction (Figure 2 ). We analyzed 27,357 women for the association between WEI and maternal undernutrition and 9,234 women-child pairs to assess the association between WEI and LBW. The age range of the women was 13-49 years and 10.6% were adolescent, i.e. ≤19 years of age (data not shown). The first principal component of the WEI explained 21% of the total variation of all the indicators used to construct the index (data not shown). The box plots (Figure 3 ) display the distribution of the WEI for each category of each variable used to construct the WEI. All of the box plots show that the WEI constructed using PCA maintained the order of the variable's categories; that is the higher the category the higher WEI.
Characteristics were compared between well-nourished and malnourished women and between the LBW and normal birth weight (NBW) babies ( Table 1 ). The overall prevalence of maternal undernutrition was 20% (5,483/27,357). All characteristics were statistically significantly (p<0.001) associated with maternal undernutrition status. Women with undernutrition and their husbands were more likely to be less educated than their counterparts. Malnourished women were more likely to come from the lower wealth quintiles. Rural residency was higher among malnourished women compared to wellnourished women. Households of malnourished women were less likely to have sanitary toilets than that of the well-nourished women. The prevalence of LBW was 18% (1679/9234). Maternal age, working status, parity, rural residency and the year of interview were comparable between LBW and NBW babies. Mothers of LBW babies were more likely to be malnourished than mothers of NBW babies (p<0.001). Parents of LBW babies had less education compared with the parents of NBW infant (p<0.001). Low birth weight was more prevalent among female babies (p<0.001). The presence of sanitary toilets was less common among the households of the LBW babies (p<0.001). There was a significant interaction (p<0.05) between household wealth quintile and WEI when examining the outcome of maternal undernutrition. Therefore, we presented a stratified analysis for maternal undernutrition by wealth quintiles ( quintile. In the lowest wealth quintile (Quintile 1), no significant association between women's empowerment and maternal undernutrition was observed. Even though the relative difference was highest in the highest wealth quintile, the absolute differences in prevalence of undernutrition between the highest and lowest WEI quartiles were similar across the wealth quintiles (6-8%). 
Discussion
This study found a significant association between women's empowerment and both maternal undernutrition and low birth weight using nationally representative data from the Bangladesh demographic health survey. The likelihood of being malnourished or delivering a LBW baby reduced with increasing WEI. Household wealth significantly modified the association between women's empowerment and maternal undernutrition;
the association was stronger in the highest quintile of the wealth index. On the other hand, increases in WEI led to similar absolute reductions in prevalence of undernutrition regardless of wealth quintile. As the burden of maternal undernutrition and low birth weight are high in lower-and lower-middle income countries, the benefit of improving women's empowerment at a population level is likely to be considerable.
Our findings are consistent with other studies examining the association between women's empowerment and undernutrition even though different WEI indicators were used. A recent study investigated the association between agriculture-based women's empowerment and dietary quality among household members in Rural Bangladesh [54] .
The authors found a significant positive association between women's empowerment and the adult men's and women's dietary diversity and nutrient intake [54] . Therefore, it can be said that women's empowerment in agriculture is associated with increased BMI mediated through diverse food and nutrition intake [55] which supports our study finding that women's empowerment is associated with a lower odds of maternal undernutrition.
Another cross-sectional study from a rural area of Nepal investigated the association between women's empowerment in agriculture and maternal nutrition and reported a positive association with maternal BMI [41] . Two cross-sectional studies from low-or lower-middle-income countries in Africa also reported a positive association between women's empowerment and maternal nutrition: one used similar indicators for WEI [40] to ours and the other one used agriculture-based indicators to measure WEI [42] . Although the study from Ghana found no significant association between women's empowerment and maternal nutrition or child nutrition, [42] the direction of association was similar to ours.
In contrast to previous studies, our study found that household wealth status modified the effect of women's empowerment on maternal nutrition. Therefore, future studies should consider household wealth status when measuring the association of women's empowerment and maternal undernutrition. The highest wealth quintile had the highest relative association and this can be explained by the low overall prevalence of undernutrition: 11.7% in the lowest and 4.3% in the highest WEI quartiles. However, the prevalence of undernutrition in the lower wealth quintiles was considerably higher (35.3% in the highest and 29.8% in the lowest WEI quartiles) and if we look into the absolute differences, women's empowerment reduced maternal undernutrition to the same degree irrespective of wealth quintile. Therefore, although the relative association is not statistically significant in the lower wealth quintiles, the association is clinically meaningful in regard to reducing overall burden of undernutrition at the population level.
So, improving women's empowerment irrespective of the household wealth status would have a considerable impact on reducing undernutrition in women in countries with a high burden such as Bangladesh.
The association between high WEI and LBW has also been reported previously. A study from rural Bangladesh evaluated the effect of women's decision making autonomy on infant's birth weight using 6 indicator variables [56] . The authors' reported that women with the lowest (1 st tertile) autonomy had a 40% higher risk of having a LBW infant compared to women with the highest (3 rd tertile) autonomy. Although this study did not represent the whole of Bangladesh and used fewer indicators than ours, it provides support to our study findings in terms of both direction and magnitude. Two studies from India also reported that indicators of women's autonomy were significantly associated with LBW [57] with one reporting that high women's autonomy was associated with a 18% lower risk of LBW compared to the low autonomy [58] . An intervention study conducted in Mexico in 1997 provided incentives, training and information to the poor women to make them empowered [59] and found a significant reduction in LBW (44.5%) and improved quality of prenatal care [59] . Although we used survey-based indictors to construct a WEI, our results are consistent with this intervention study.
The main strength of this study is that it used comprehensive population-based measures of women's empowerment in a South Asian population. We also considered household wealth status when measuring the association of women's empowerment with maternal undernutrition. Another advantage of this study is that it used PCA methods which assigned weights to each of the variables by taking into account the covariation between the indicator variables [37, 60] . So, we believe this study provides more valid and reliable estimates than previously published studies and thus provides important evidence that women's empowerment is a key driver of maternal and child nutrition.
Limitations of this study may include potential residual confounding and information bias inherent in conducting a secondary analysis of survey data. About 10% women in our study were adolescent and WHO recommended to use z-score as a measure of nutritional status. As we used BMI as the measure of maternal nutritional status, the malnutrition prevalence could be underestimated. To define LBW we used maternal perception of birth size (by asking question "was the newborn very large, larger than average, average, smaller than average or very small?") as a proxy for birth weight. We found the prevalence of LBW to be only 18% which is much lower than the 55% reported from rural Bangladesh [61, 62] and 36% nationally [63] suggesting some misclassification. The perception might also have varied between the maternal education and socio-economic status categories, although the participants were unaware of the study outcomes and thus non-differential misclassification bias may have occurred which could have led to an underestimation of the true associations. Due to probability sampling, there is a chance that a woman could be selected in both surveys. However, based on our calculation (1 in 3.9 million women), we believe this is very unlikely.
Conclusion
Women's empowerment is considered to be a key driver for attaining maternal and child health and nutritional goals. Our findings provide evidence that empowerment of women has a significant association with maternal undernutrition as well as LBW in Bangladesh.
They suggest that policies to increase empowerment of women would contribute to improve public health. However, a standard guideline is needed to measure women's empowerment for future studies in this context as suggested by Ewerling et al. (2017) for the African population [37] . Declarations commercial or not-for-profit sectors.
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